Abstract. Despite advances in diagnosis and treatment, the survival of non-small cell lung cancer (NSCLC) patients is poor. Further understanding of the disease mechanism and treatment strategies is required. Copines are a family of calcium-dependent phospholipid-binding proteins that are evolutionally conserved in various eukaryotic organisms and protists. Copine 1, encoded by CPNE1, is a soluble membrane-binding protein, which includes two tandem C2 domains at the N-terminus and an A domain at the C-terminus. A previous study reported that Copine 1 binds with various intracellular proteins via its A domain and C omain. However, the role of CPNE1 in lung cancer remains unclear. In the presented study, CPNE1 expression level was demonstrated to be positively associated with the stage (P=0.002) and significantly associated with lymph node status (P=0.011) and distant metastasis (P=0.042). Furthermore, the function of CPNE1 in regulation of cell growth, migration and invasion was investigated, and it was demonstrated that knockdown of CPNE1 inhibits the cell cycle in NSCLC cells. Collectively, these data suggest that CPNE1 is an oncogene in NSCLC and serves an important role in tumorigenesis of NSCLC progression.
Introduction
Lung cancer is the leading cause of cancer-associated mortality worldwide and in China (1, 2) . Non-small cell lung cancer (NSCLC) accounts for 85% of lung cancer (3) . Despite advances in cancer research and treatment, the prognosis of NSCLC remains poor, with the 5-year survival rate being only 15% (4) . Although novel drugs including epithelial growth factor receptor have been demonstrated to be beneficial, particularly in patients with sensitive target mutations, the survival and outcome have not altered dramatically (5) . Therefore, it is important to elucidate the pathogenesis of NSCLC and identify novel treatment targets.
Copines are a family of calcium-dependent phospholipidbinding proteins that are evolutionally conserved in various eukaryotic organisms and protists (6) . Currently, nine family members have been identified (7, 8) . It has been reported that Copine 1, encoded by CPNE1, is a soluble membranebinding protein, which includes two tandem C2 domains at the N-terminus and an A domain at the C-terminus (6) . The C2 domains act as calcium-dependent phospholipid binding motifs and may be associated with cell signalling and/or membrane trafficking pathways (9) . The A domain is named from von Willebrand Factor, a plasma and extracellular matrix protein, and have been studied in integrins and several extracellular matrix proteins and appear to function as protein-binding domains (10) . It was previously reported that Copine 1 binds with various intracellular proteins via its A domain (7, 8) . To date, the role of CPNE1 in lung cancer remains unclear.
In the present study, the expression of CPNE1 in 128 lung adenocarcinoma patient tissues was initially investigated by immunohistochemical staining. Higher expression of CPNE1 was observed to be significantly associated with advanced tumor, node and metastasis (TNM) stage, lymph node metastasis and distant metastasis in lung adenocarcinoma. In addition, the results of the present study indicated that
High expression of Copine 1 promotes cell growth and metastasis in human lung adenocarcinoma
knockdown of CPNE1 inhibits cell cycle progression, cell growth and migration of NSCLC cells. In conclusion, it was hypothesized that CPNE1 serves an important role in tumorigenesis of human lung adenocarcinoma. Immunohistochemical assay. Immunohistochemical analyses of 128 lung adenocarcinoma and normal tissues were conducted as described in the present authors' previous study (13) . The sections were incubated with anti-Copine 1 antibodies (1:100; cat. no. ab155675; Abcam, Cambridge, UK) overnight at 4˚C. Then incubated with pre-diluted biotinylated secondary antibodies for 40 min at 37˚C (SV0002; Wuhan Boster Biological Technology, Ltd., Wuhan, China) according to the manufacturer's protocol. The reactions were developed using the DAB Substrate Kit (cat. no. 550880; BD Biosciences, San Jose, CA, USA), and the sections were counterstained for 2 min at room temperature with hematoxylin. The scoring of immunostaining was evaluated on the basis of staining intensity and percentages of three positively stained areas at random by two pathologists in a doubleblinded manner. Briefly, the proportion of positive cells in each specimen was quantitatively evaluated and scored as follows: 0, Staining in 0% of the cells examined; 1, staining in 0.01-10% of the cells examined; 2, staining in 10.01-50% of the cells examined; 3, staining in 50.01-75% of the cells examined; and 4, staining in >75% of the cells examined. The staining intensity was graded as follows: 0, No signal; 1, weak; 2, moderate; and 3, strong. The histological score for each section was computed using the following formula: Histological score = proportion score x intensity score. A total score with a possible range of 0-12 was calculated and graded as follows: Negative (-; score, 0), weak (+; score, 1-4), moderate (++; score, 5-8) or strong (+++; score, 9-12). Scores of -and + were considered to indicate low expression levels, whereas scores of ++ and +++ were considered to indicate high expression levels.
Materials and methods
Establishment of CPNE1-silenced stable cell lines. The human CPNE1 (GenBank accession no. NM_003915) specific small interfering RNA (siRNA) sequence, which was designed with BLOCK-iT RNAi Designer (Thermo Fisher Scientific, Inc.) was 5'-CACACAACTGGTCTCATACTT-3'. The non-silencing sequence generated by Shanghai GeneChem Co., Ltd. (Shanghai, China; 5'-TTCTCCGAACGTGTCACGT-3') was used as a scrambled (scr) control. Pairs of complementary oligonucleotides were synthesized, annealed, and ligated into linear pGCSIL-green fluorescent protein (GFP) lentiviral plasmids generated by Shanghai GeneChem Co., Ltd. and digested by enzyme AgeI and EcoRI. Subsequently, lentiviral vectors that expressed the CPNE1-specific siRNA or negative control siRNA (Shanghai GeneChem Co., Ltd.) were generated in 293T packaging cells by co-transfection of the recombinant pGCSIL-GFP vector (20 µg), pHelper 1.0 (15 µg; Shanghai GeneChem Co., Ltd.) and pHelper 2.0 plasmids (10 µg; Sha ng ha i G ene C hem Co., Lt d.) usi ng Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Viral particles from the media were harvested at 48 h following transfection and purified by ultracentrifugation, centrifugation for 2 h at 21,000 x g and 4˚C. The viral titer was determined by counting the numbers of infected green cells under fluorescence microscopy following transfection of 293T cells with serial dilutions of concentrated lentivirus.
For lentivirus transduction, H1299 and A549 cells were subcultured into 6-well culture plates at 70-80% confluence and infected with CPNE1-specific siRNA lentivirus or control lentivirus at a multiplicity of infection of 20. The infection efficiency was detected using fluorescence microscopy to observe cells expressing GFP after 5 days. Each cell line was divided into the following two groups: The sh-NC group and the sh-CPNE1 group.
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis.
RNA isolation, cDNA synthesis and RT-qPCR analysis were performed as previously described (13) . The primer sequences used for CPNE1 mRNA detection were 5'-ACCCACTCTGCGTC CTT-3' (forward) and 5'-TGGCGTCTTGTTGTCTATG-3' (reverse), Cq values for CPNE1 mRNA were equilibrated to ACTB mRNA, for which the following primer sequences were used: 5'-CACAGAGCCTCGCCTTTGCC-3' (forward) and 5'-ACCCATGCCCACCATCACG-3' (reverse), which were used as internal controls. The 2 -ΔΔCq method (14) was applied to calculate the relative expression of these gene.
Western blotting assay. Western blot analysis was performed as previously described (13) . The antibodies used in the analysis were anti-CPNE1 (1:500; Z6; Santa Cruz Biotechnology, Inc., Dallas, TX, USA); anti-phosphorylated (p)-protein kinase B (AKT; Ser473; 1:1,000 D9E), anti-AKT (1:1,000; 9272s; Cell Signaling Technology, Inc., Danvers, MA, USA), anti-extracellular signal-regulated kinase (ERK; 1:1,000; 137F5), anti-p-ERK (Thr202/Tyr202; 1:1,000; D13.14.4E), anti-matrix metalloproteinase MMP2 (1:1,000; D8N9Y), anti-MMP9 (1:1,000; 603H), anti-Snail (1:1,000; C15D3; Cell Signaling Technology, Inc.); anti-cyclin A1 (1:300; ab53699; Abcam), anti-cyclin B1 (1:300; Ab-147; Abcam), anti-cyclin E1 (1:300; ab33911, Abcam) and anti-GAPDH (1:5,000; D4C6R; Cell Signaling Technology, Inc.) primary antibodies, and peroxidase conjugated anti-mouse or anti-rabbit secondary antibodies (1:5,000; 14709 and 14708; Cell Signaling Technology, Inc.).
Cell proliferation analysis. Cell proliferation was examined using a Cell Counting Kit-8 (CCK-8; Wuhan Boster Biological Technology, Ltd.), and the A549 sh-CPNE1 cells or the corresponding negative control cells were seeded in 96-well plates at a density of 2x10 3 cells per well and further grown under normal culture conditions for 24, 48 and 72 h. Cell viability was determined according to the manufacturer's protocol and the experiments were performed in triplicate. Cell proliferation was also detected using a clonogenic assay. Briefly, stable cells were diluted in complete culture medium and 2000 cells were reseeded in a 60 mm plate. Following incubation for 7-14 days, depending on cell growth rate, foci formed by at least 50 cells were stained with Giemsa at room temperature for 2 h and counted via light microscopy (CKX41; Olympus Corporation, Tokyo, Japan) at x200. Cell viability was measured according to the manufacturer's protocol at several time points (24, 48 and 72 h). Each experiment was performed in triplicate.
Migration and invasion assays. The motility of cells analysis was evaluated as previously described (11) . According to the manufacturer's protocol (BD Biosciences), 5x10 4 cells were seeded with medium containing 1% FBS into the upper chamber of a Transwell insert, and 800 µl medium containing 10% FBS was added to the lower chamber and then incubated at 37˚C for 24 h. Cells that migrated to the lower chamber were stained with 1% crystal violet overnight at room temperature then washed with 1X PBS two times. For the invasion assay, the inserts were coated with Matrigel matrix (BD Biosciences) diluted in serum-free medium and incubated at 37˚C for 2 h. The cells from three microscopic fields were imaged and counted via microscopy (CKX41; Olympus Corporation, Tokyo, Japan). The results were determined from three repeated experiments.
Cell cycle analysis. According to the protocol of the Cell Cycle and Apoptosis Analysis kit (Beyotime Institute of Biotechnology, Haimen, China), cells were cultured in 6-well plates for 72 h. The cells were subsequently collected, washed with cold PBS, fixed in 70% ethanol at 4˚C for 24 h, washed with cold PBS again and stained in a propidium iodide/ RNase A mixture. Following incubation in the dark at 37˚C for 30 min, the cells were analyzed using a FACSCalibur flow cytometer (Beckman Coulter, Inc., Brea, CA, USA) and with MultiCycle 6-16-03-F32 (Beckman Coulter, Inc.).
Animal experiments and immunocytochemistry staining.
A total of 12 female BALB/c athymic nude mice (age, 4-6 weeks old; weight, 16-20 g) were purchased from the Experimental Animal Center of Soochow University and bred under pathogen-free conditions. Mice were maintained in exhaust ventilated closed system cages in a specific pathogen-free environment, with 55±5% humidity, at 23±2˚C, ad libitum access to food and water, and a 14/10 h light/dark cycle. To establish the lung carcinoma xenograft model, control A549 cells or CPNE1-silenced A549 cells were suspended at a concentration of 2x10 6 cells/100 µl PBS and inoculated subcutaneously into the flanks of nude mice. Mice were randomly divided into control group and sh-CPNE1 croup (n=6/group). Following 20 days, the tumor volume (V) was determined by measuring the length (L) and width (W) with a vernier caliper and applying the following formula: V = (LxW 2 )x0.5. All experiments were performed in accordance with protocols approved by the Animal Ethical and Welfare Committee of the First Affiliated Hospital of Soochow University.
Statistical analysis. The differences in CPNE1 expression between NSCLC tissues and normal tissues were analyzed using a paired Student's t-test (two-tailed). For cell lines, differences between two groups were assessed using an unpaired Student's t-test (two-tailed). Expression levels of mRNA and the clinicopathologic characteristics in the NSCLC samples were compared using non-parametric tests (Mann-Whitney U test for comparison between two groups, and the Kruskall-Wallis test for comparison between three or more groups). A two-way analysis of variance was used to determine the difference in cell growth between two groups. In all cases, P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using GraphPad Prism 5.02 (GraphPad Software, Inc., La Jolla, CA, USA) and SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA).
Results

CPNE1 is frequently overexpressed in lung adenocarcinoma tissues and cell lines.
It has been previously reported that Copines I, II and III are expressed ubiquitously in humans using cDNA probes (15) , although the actual content of Copine proteins in human tissues has not been systematically investigated. A recent study demonstrated that the expression level of CPNE1 is increased in prostate cancer compared with normal prostate tissue (16); however, the expression of CPNE1 in NSCLC is unknown. Lung tumor tissue samples were surgically resected from 128 lung adenocarcinoma patients, and then were detected via immunohistochemistry (Fig. 1A) . In the present study, higher expression of CPNE1 was observed to be significantly associated with advanced TNM stage, lymph node metastasis and distant metastasis in lung adenocarcinoma (17) . CPNE1 expression level was demonstrated to be positively associated with stage (P=0.002) and significantly associated with lymph node status (P= 0.011) and distant metastasis (P=0.042; Table I ). In addition, the results demonstrated that expression of CPNE1 in advanced patients was more frequently increased (III+IV vs. I+II; P<0.001). However, no significant association was observed between CPNE1 expression and other clinicopathological features, including age, sex, tumor size and tumor differentiation in the present study. In addition to the above, CPNE1 protein expression were detected in 5 NSCLC cell lines and BEAS-2B cells by western blot analysis (Fig. 1B) . Therefore, it was demonstrated that CPNE1 expression was frequently increased in NSCLC tissues and cell lines compared with the control.
Lentivirus-mediated RNA interference efficiently inhibits CPNE1 expression in lung adenocarcinoma cells.
In order to evaluate the association between CPNE1 and lung adenocarcinoma, lentivirus-delivered CPNE1-siRNA and scr-siRNA vector were successfully constructed. The results of transfection demonstrated that >90% of the A549 and H1299 cells exhibited green fluorescence indicating successful infection (Fig. 1C) . To determine the silencing efficiency, the mRNA and protein expression levels of CPNE1 were detected by RT-qPCR and western blot analysis, respectively. The results demonstrated that the mRNA and protein expression levels of CPNE1 were significantly decreased in the sh-CPNE1 group compared with the sh-NC group (P<0.01; Fig. 1D ). These data suggest that CPNE1 silencing may effectively downregulate CPNE1 expression.
Knockdown of CPNE1 inhibits in vitro cell growth, cell cycle progression and migration of NSCLC cells.
The CCK-8 assay demonstrated that compared with the control cells, cell growth was significantly inhibited in cells with stable knockdown of CPNE1 at 48 and 72 h following transfection (P<0.01; Fig. 2A and B). These results were also confirmed by performing a clonogenic assay (P<0.001; Fig. 2C ). These results indicate that CPNE1 can promote cell growth via its effects on the cell cycle and apoptosis in NSCLC cells.
Furthermore, flow cytometric results indicated that transfection with sh-CPNE1 in NSCLC cells had an effect on the cell cycle, as the proportion of cells in the S phase was significantly decreased and the proportion of cells in the G0/G1 phase was significantly increased in CPNE1-silenced cells compared with the control cells (P<0.05; Fig. 3A and B) .
CPNE1 expression ---------------------------------------------------------------------------------------------------------------------------
Furthermore, the molecular alterations and associated pathways in CPNE1-silenced cells were measured by western blotting. As illustrated in Fig. 3C , the results of the present study demonstrated that cell cycle associated proteins (cyclin-A1, cyclin-B1 and cyclin-E1), p-AKT and p-ERK levels were markedly decreased in the CPNE1-silenced cells compared with the control cells.
In addition, as presented in Fig. 4 , a Transwell assay of the NSCLC stable cells lines further indicated that the migratory ability of NSCLC cells was significantly suppressed as a result of the loss of CPNE1 (P<0.001). In line with it, it was observed that Snail, MMP2, MMP9 were markedly decreased in the CPNE1-silenced cells compared with those in the control cells ( Fig. 4B and D) .
Knockdown of CPNE1 inhibits tumor growth in vivo.
To further assess the effect of CPNE1-silenced on NSCLC cells in vivo, a xenograft model was used to determine the role of CPNE1 in the tumorigenicity and development of A549 cells. As demonstrated in Fig. 5A and B, tumor growth in the sh-CPNE1 group was significantly decreased compared with the sh-NC group. The final tumor volume at 44 days was 0.222±0.059 cm 3 in the CPNE1-siRNA group, whereas the volume in the scr-siRNA group was 0.400±0.142 cm 3 (P<0.01). The mean tumor weight in the CPNE1-siRNA group was significantly decreased compared with the scr-siRNA group (0.60±0.10 g vs. 0.90±0.30 g; Fig. 5C ). Consequently, these data demonstrate that silencing CPNE1 expression may suppress tumor growth of human lung adenocarcinoma cells in nude mice. The tissues resected from the xenograft tumors were analyzed to verify CPNE1 expression using hematoxylin and immunohistochemistry (Fig. 5D ).
Discussion
Despite improvements in therapeutic strategies, the survival and outcome of patients with NSCLC have not been markedly affected (4) . The majority of patients have progressed to the advanced stage of the disease when the diagnosis is confirmed, which is beyond the optimal treatment period (18) . Therefore, it is essential to elucidate the pathogenesis of NSCLC and to identify novel treatment targets.
It has been reported that Copine 1, encoded by CPNE1, is a soluble membrane-binding protein, which includes two tandem C2 domains at the N-terminus and an A domain at the C-terminus (6, 9) . Copine 1 can bind with different intracellular proteins via its A domain at the C-terminus (7) . Further study has demonstrated that this A domain has been identified in several integrins and extracellular matrix proteins and may serve as a protein-binding domain (10) . The C2 domain was demonstrated to be important for calcium and phospholipid binding (19, 20) . In addition, multiple proteins have been identified as Copine targets, and a number of these are proteins associated with intracellular signalling pathways including dual specificity mitogen-activated protein kinase kinase 1/ERK, protein phosphatase 5, and CDC42-regulated protein kinase (7, 8) . Notably, Park et al (9) previously reported that CPNE1 serves a vital role in regulating neuronal differentiation of HiB5 cells, which may be associated with activating AKT signalling via phosphorylating on the residue 473 (S473) of AKT. Recently, another study demonstrated that CPNE1 may promote the development and progression of prostate cancer via its C2 domain (16) . Although CPNE1 was demonstrated to bind several intracellular proteins with diverse biological functions, the role of CPNE1 in regulating biological processes is not well understood.
A recent study demonstrated that CPNE3 is upregulated, and can enhance cell metastasis in NSCLC (21) . Further study demonstrated that CPNE3 can activate downstream ErbB2 signalling and promote migration in SKBr3 breast cancer cells (22) . In accordance with these findings, Heinrich et al (23) also demonstrated that CPNE3 can interact with ErbB2 and promote tumor cell migration. The AKT serine/threonine kinase serves essential roles in regulating cell growth, cell migration, invasion, survival, and glycolysis. Furthermore, aberrant activation of AKT signalling is associated with the pathogenesis of cancer and poor prognosis (24, 25) . Among the AKT feedback signalling molecules, ERK is generally activated with AKT in tumor cells and is pivotal for cell proliferation and evasion of cell apoptosis (26) . In specific cases, AKT and ERK signalling pathways are compensatory for each other (27, 28) . Notably, it was demonstrated in the present study that p-AKT and p-ERK levels were decreased in the CPNE1-silenced cells compared with the control cells.
Cyclin B1 is a key regulator in the cell cycle progression from G2 to M phase. It has been demonstrated that cyclin B1 serves a pivotal role in tumorigenesis and tumor development: Deregulation of cyclin B1 can frequently lead to unrestricted cell-cycle progression and malignant transformation (29) (30) (31) , and cyclin B1 overexpression has been detected in various types of human cancer (32, 33) . Cyclin E1 is a key regulator of the cell cycle and serves an important role in tumorigenesis and angiogenesis (34) . Previous studies have demonstrated that overexpression of cyclin E1 was important in the growth of ovarian cancer cells and strongly associated with poor prognosis (35, 36) . In the present study, the results demonstrated that transfection with sh-CPNE1 in NSCLC cells had an effect on the cell cycle, and cyclin-A1, cyclin-B1 and cyclin-E1 levels were lower in the CPNE1-silenced cells than those in the control cells.
Metastasis and relapse is the major cause of mortality for lung cancer patients (37) . Epithelial-mesenchymal transition is a critical step for morphogenesis during embryonic development and the conversion of early-stage tumors into invasive malignancies (38, 39) , which is marked by induction of Snail and MMPs (40, 41) . In the present study, it was also demonstrated that Snail, MMP2, MMP9 were decreased in the CPNE1-silenced cells compared with those in the control cells.
In conclusion, to the best of our knowledge, the present study reported for the first time that CPNE1 expression is upregulated in NSCLC and it was observed that increased expression of CPNE1 is associated with advanced TNM stage, lymph node metastasis and distant metastasis in lung adenocarcinoma. Furthermore, the function of CPNE1 in regulation of cell growth, migration and invasion was investigated, and it was demonstrated that knockdown of CPNE1 inhibits the cell cycle in NSCLC cells. Collectively, these data strongly suggest that CPNE1 is an oncogene in NSCLC and serves an important role in tumorigenesis of NSCLC progression.
Acknowledgements
Not applicable.
Funding
The present study was supported by grants from The National Natural Science Foundation of China (grant no. 
Availability of data and materials
All data generated or analyzed during this study are included in this published article.
Authors' contributions
SLL, HCT, JJZ, HGD, YYZ, WWD, ZLD, PTS and YZ participated in data collection and analysis. SLL, JAH and ZYL participated in the design of the study. ZYL participated in the writing of the manuscript and data interpretation. All authors read and approved the final manuscript.
Ethics approval and consent to participate
Experiments using tissue samples from human subjects were approved by the Ethics Committee of The First Affiliated Hospital of Soochow University (Suzhou, China). All participants provided written informed consent for the whole study. Experiments on animals were performed following approval from the Animal Ethical and Welfare Committee of The First Affiliated Hospital of Soochow University.
Patient consent for publication
All participants provided written informed consent for the whole study.
